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I.  INTRODUCTION 


This  document  provides  data  for  t lie  servoeleetronics  system  used  to  drive  an  antenna 
platform  tor  missile  guidance  applications.  The  servoeleetronics  system  is  illustrated  in  figure 
I.  A  complete  analysis  of  the  system  is  provided  in  reference  1.  It  would  benefit  the  reader 
to  use  that  reference  in  conjunction  with  this  document.  The  servoeleetronics  analysis  was 
arrived  at  by  using  the  given  antenna  platform  mechanical  and  electrical  characteristics  (such 
as  torque  motor  electrical  characteristics,  mechanical  gearings,  and  expected  inertia  load  con¬ 
ditions).  The  purpose  of  this  document  is  to  present  the  electrical  and  electronic  design  data 
required  to  complete  the  hardware  for  the  servoeleetronics  loop.  In  addition,  a  limited  set  of 
mechanical  drawings  is  included  to  complete  the  documentation. 

The  system  is  capable  of  driving  two  separate  platforms:  the  10-inch  torque  motor- 
driven  antenna  platform,  which  is  the  platform  discussed  in  this  document;  and  a  5-inch  mag¬ 
netic  particle  clutch  motor-driven  antenna  platform  designed  by  Hughes  Aircraft  Company. 
The  necessary  card  change  (servoamplifier  card  and  current  drivers)  and  component  changes 
on  the  compensation  card  arc  pointed  out  in  the  appropriate  sections. 

The  electronics  was  designed  for  laboratory  use  only,  and  certain  shortcuts  were 
taken  (such  as  minimal  packaging)  in  the  design  process  to  control  cost  and  to  meet  a  short 
schedule.  Another  design  iteration  is  required  to  provide  units  suitable  for  flight  test.  Cost, 
weight,  and  size  reduction  will  be  addressed  in  a  redesign. 


II.  ELECTRICAL  DESIGN 

The  electrical  design  section  provides  the  electrical  interfaces  and  interconnections. 
The  electrical  design  permits  ready  access  to  critical  areas  for  testing  and  modification  pur¬ 
poses  and  is  easily  set  up  to  provide  a  good  portable  laboratory  test  bench.  Interfaces  with 
supporting  equipment  and  system  components  are  easily  accomplished.  Figure  2  illustrates 
system  interfaces  and  connections. 

A.  WIRING  HARNESS 

The  wiring  harness  diagram,  as  shown  in  figure  3.  illustrates  the  interconnections 
between  the  control  panel  and  the  card  cage  and  between  the  card  cage  and  the  antenna 
platform.  It  also  illustrates  signals  coming  from  the  video  processor  (not  discussed  in  this 
document)  and  necessary  power-supply  connections.  The  cable  between  the  control  panel 
and  the  card  cage  was  made  15  feet  long  so  as  to  allow  adequate  separation  between  the  op¬ 
erator  and  the  antenna  platform  for  rf  interference  suppression  and  testing  purposes.  The 
cable  between  the  card  cage  and  the  platform  is  2  feet  long.  Table  1  contains  the  parts  list 
for  the  wiring  harness. 

B.  CONTROL  PANEL 

The  main  function  of  the  control  panel,  shown  in  figure  4,  is  to  allow  manual 
operation  and  monitoring  of  the  servoeleetronics  system.  The  control  panel  schematic  is 
illustrated  in  figure  5.  Test  jacks  are  provided  to  permit  monitoring  of  pertinent  signals.  The 
flight  programmer  control  panel  switch  is  provided  to  transfer  control  from  the  control  panel 
to  the  flight  programmer  (video  processor  signals). 

^  NOSC  TR  527,  High  Torque-to-Inertia  Servo  System  for  Stabilizing  Sensor  Systems,  by 
I .  I).  Groutage.  I9K0. 
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F  igure  2.  System  block  diagram 
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[  igurc  3.  Wiring  harness  interconnections. 


PLATFORM 


Item 

Quantity 

Part  Number 

Manufacturer 

Nomenclature 

CB-P1 

1 

PT06A-I8-32P  (SR) 

Ber.dix 

Connector 

CB-P2 

l 

MS31 16EI4-I9SW 

Bendix 

Connector 

CB-P3 

1 

PT06E-I4-I8SW  (SR) 

Bendix 

Connector 

CB-P4 

1 

MS3106RI6-1  IS  (C) 

Cannon 

Connector 

CG-P1 

1 

PT06A-I6-26S  (SR) 

Bendix 

Connector 

CG-P2 

1 

MS31 16E14-19SW 

Bendix 

Connector 

CG-P3 

I 

PT06K- 14-1 8SW  (SR) 

Bendix 

Connector 

CG-P4 

1 

PT06A- 1 8-32S  (SR) 

Bendix 

Connector 

G-Pl 

1 

PT06SI.-20-39PY 

Bendix 

Connector 

Table  I.  Wiring  harness  parts  list. 
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OG  RATE 

OG  1ST  OP  AMP  (T) 
OG  2ND  OP  AMP  (T) 
OG  3RD  OP  AMP  (T) 
OG  4TH  OP  AMP  IT) 
OG  BRIDGE  TRACK 
IG  RATE 

IG  1ST  OP  AMP  (T) 

IG  2ND  OP  AMP  (T) 

IG  3RD  OP  AMP  (T) 
IG4TH  OP  AMP  (T) 

IG  BRIDGE  TRACK 
OG  POT  WIPER 
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OG  BRIDGE  SLAVE 
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IG  BRIDGE  SLAVE 
IG  CMD 
OG  CMD 
OG  SLAVE  CMD 
IG  SLAVE  CMD 
TRACK/SLAVE  CMD 
IG  TRACK  ERROR 
OG  TRACK  ERROR 
GND 


OG  SLAVE  CMD 
IG  SLAVE  CMD 
OG  TRACK  ERROR 
IG  TRACK  ERROR 
TRACK/SLAVE  CMD 
RATE  SIGNAL 
DEMOD  U1 
DEMOD  U2 
DEMOD  U6 
OA  START 

DEMOD  U5 
OB  START 
DEMOD  U9 
+28  TOROUER 
+28  TORQUER 
+28  GYRO 
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Figure  5.  Control  panel  schematic 


The  control  panel  has  several  modes  of  operation.  In  the  Tl  S  I  mode,  signals  can  he 
injected  to  drive  the  inner  and  outer  gimbal.  I  wo  lights  are  provided  to  indicate  that  the  in¬ 
put  jacks  tor  signal  injection  are  activated  tor  the  inner  and  outer  gimbals.  When  the  TRACK 
SLAV!  switch  is  in  the  SL  AV  !  position,  the  I  I  ST  mode  permits  the  injection  of  an  inner 
and  or  outer  gimbal  slave  command  to  slow  the  antenna  platform.  It  the  I  RAC  K  SLAV!: 
switch  is  in  the  TRAC  K  position,  the  M  SI  mode  permits  the  injection  ot  an  inner  and  outer 
gimbal  rate  signal  to  control  the  pointing  of  the  antenna  platform.  When  the  system  is  in 
I'RACK.  the  TRAC  K  SLAVE  light  is  activated. 

In  SL  AVI  mode,  only  slave  commands  can  be  given  and  the  position  potentiometers 
provide  the  voltage  to  slew  and  position  the  inner  and  outer  gimbal. 

In  the  TRACK  mode,  rate  signals  are  provided  by  the  guidance  system  inputs  only. 
When  m  either  I  RACK  or  SI  ANT  mode,  the  TRACK  SI  AVI  switch  is  overridden. 

In  the  C  AC  i I  mode,  the  inner  and  outer  gimbals  are  positioned  to  look  forward  or  in 
a  zero  position. 

The  digital  voltmeter  will  check  the  following  voltages.  ■*  5  Ydc.  1 15  \  dc.  and  IS  Vdc 
No  power  is  applied  to  the  servoelectronics  until  the  power  switch  is  on.  which  is  indicated 
In  a  light  The  torquer  and  gyro  switches  apply  2S  Ydc  to  the  current  drivers  and  the  Mill) 
driver,  respectively,  as  indicated  In  their  respective  lights.  Hie  control  panel  parts  list  is 
shown  in  table  2. 

C.  CARD  CACjI 

figure  (>  shows  the  card  cage  fully  assembled.  Ihe  card  cage  is  the  housing  and 
interface  wiring  for  the  compensation  card,  demodulator  card.  Mill)  driver  card,  and  the 
inner  and  outer  gimbal  current  drivers  I  lie  caul  wige  is  wired  toopeiatc  the  Id-inch  antenna 
platform  (torque  motor  plallomu  as  well  as  the  Hughes  Aircraft  Company  5-mch  antenna 
platform  magnetic  particle  clutch  motor  platform!  Ihe  cards  are  wire-wrapped  to  permit 
quick  and  easy  assembly .  modification,  and  addition  ot  test  points  to  the  control  panel  \n 
extender  card  was  fabricated  to  enable  on-line  testing.  I  able  5  shows  the  card-sage  parts  Im 
and  figure  "  is  the  card-cage  wiring  diagram.  \  bus  system  was  mcoiporated  with  a  central 
ground  wheel  to  eliminate  signal  and  grounding  problems 

The  card  cage  and  its  associated  electronics  can  he  significantly  reduced  m  si/e  and 
weight  in  a  redesign  to  package  tor  missile  applications. 

I.  Compensation  Card 

f  igure  S  shows  the  compensation  card,  which  provides  the  necessary  compensation 
required  for  the  slave  and  track  loops  of  the  servo  loop  that  will  be  discussed  m  the  elec¬ 
tronics  design  section.  The  compensation  card  is  inserted  into  the  first  slot  provided 
(nearest  to  connectors)  in  the  card  cage  (XI ).  f  igure  0  is  the  compensation  card  schematic 
and  table  4  is  the  parts  list.  The  compensation  card  interconnect  diagram  is  shown  m  fig¬ 
ure  10.  The  compensation  card  is  made  entirely  from  dual  in-line  integrated  circuits  and 
discrete  components. 

This  is  the  only  card  that  requires  component  changes  to  drive  the  5-inch  magnetic 
particle  clutch  motor-driven  antenna  platform.  Table  5  shows  the  necessary  component 
changes. 

The  switches  in  figure  0  (U4  and  U  10)  are  drawn  to  represent  TRAC  K  mode.  It  a 
high  input  is  placed  on  the  TRACK/SLAVE  input  (IM-Hh.  this  activates  the  switches,  places 
the  card  in  the  SLAVE  mode,  and  discharges  the  capacitors  of  the  integrators  (U3  and  Ul>) 
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Item 


Quantity 


Part  Number 


Manufacturer 


Nomenclature 


DM-I 

1 

DMI0004BIA 

Date  1 

Digital  voltmeter 

CB-I.CB2 

MS.U20-I 

Circuit  breaker  ( I  A) 

CB-3.CB4 

) 

MS26574-3 

Circuit  breaker  (3A) 

CB-5 

1 

S.U20-5 

Circuit  breaker  (5A) 

K I  K  1  1 

1 1 

J-D4A-00K 

Leach 

Relay 

1  1 

1 

5074758 

Dialeo 

Lamp  (6V) 

l  Mo 

5 

Dialco 

Lamp  (28V) 

J1 

1 

P102A-I8  32S  (SK) 

Bendix 

Connector 

j: 

1 

MS3I  I3M4  I<»W 

Bendix 

Connector 

j.t 

1 

PT02I--I4-I8PW 

Bendix 

Connector 

J4 

1 

MS3I02AI6-I  IP 

Cannon 

Connector 

J5 

1 

3VN38IJNS 

Viking 

PC  edge  connector 

K  1 

1 

1  4W  lt)0K 

Resistor 

k: 

1 

1  4U  I  K 

Resistor 

r;>.  K4 

■» 

3543S-I-502 

Bourns 

Potentiometer  (5 K ) 

SLS.CS4.S5 

4 

JM  I  123 

J-B-T 

Switch 

s: .  s'" 

(43'> 

(irayhill 

Switch 

S5 

l 

M  1 1  30<>0 

ALCO 

Switch 

1  C\t  poults 

41 

Banana  jacks 

\l  1  XI h 

0 

508-7545 -504 

Dialco 

Lamp  holder 

4 

Knobs 

1 

See  figure  2') 

NOSC 

Frame 

l  able  2  Control  panel  parts  list. 
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Pari  Number 

Manufacturer 

Nomenclature 

pto:a*I60(>S(SR) 

Bendix 

Connector 

MS31 12lil4-ll>SW 

Bendix 

Connector 

PT02IM4-J8SW  (SR) 

Bendix 

Connector 

pto:a-ih-3:s(SR) 

Bendix 

Connector 

0005261 

nosc 

Connector 

SOCN000400cJ-2 

NO  SC 

Card  ca^e 

Tabic  3.  Card  cage  parts  list. 
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OG  POT  WIPER 

OG  SLAVE  CMD 

OG  1ST  OP  AMP  THAO. 
OG  2ND  OP  AMP  1HAU 
OG  3RD  OP  AMP  THACK 
OG  4  T  H  OP  AMP  1  A*> 

OG  BRIDGE  TRAC  K 
OG  1ST  OP  AMP  SL  AVE 
OG  BRIDGE  SLAV » 

TH  ACK/SLAVE  CMD 


OG  CMD 

IG  1ST  OP  AMP  THACK 
G  2ND  OP  AMP  TR*  k 
G  3RD  OP  AMP  THA«  ► 

IG  4TH  OP  AMP  TH  A*.  ♦« 
if,  BRIDGE  TRACK 
iG  CMD 

GNh  WMF  El 
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Item 

Quantity 

Part  Number,  Value 

Manufacturer 

Nomenclature 

n,  (5.0).  no.  ci4 

5 

CK06 

i  ph 

Capacitor  i 

C2.C7.CI  I.CI7 

4 

CK05 

0.0X2  ul 

Capacitor 

C3.CI2.CIS 

3 

CK06 

0.33  ij\ 

Capacitor 

C4,C13 

A 

Red  Cap 

3.3  /jP 

IR1L 

Capacitor 

Co,CI5 

1 

CK05 

1 00  pH 

Capacitor 

(7 

1 

CK06 

0.1  /jI 

Capacitor 

C'S,  C' t  ^ 

A 

CK06 

0.22 /a! 

Capacitor 

cu> 

1 

CK  06 

0.15  ul 

Capacitor 

C20.C21.C22 

3 

CKOS 

0.0 1  ul 

Capacitor 

RL  R39 

A 

RC07 

3.3K 

Resistor 

R2.R40.  RftK 

3 

RC07 

24K 

Resistor 

R3.R4.  R14.  K4I.R52 

5 

RC'07 

3K 

Resistor 

R5 

1 

RCQ7 

1.1K 

Resistor 

Rb 

1 

RC07 

2K 

Resistor 

R7 

1 

RC07 

2.2M 

Resistor 

R8,  R15.  R42.  R46,  KM 

5 

RC07 

10K 

Re  sis  to; 

R9.  R2I,  R37.  R47,  R59.  R75 

6 

3  28 OP 

5  OK 

Bourns 

Potentiometer 

RIO,  R48 

A 

RC07 

12K 

Resistor 

R 1 1 .  R49 

A 

RC07 

1 10K 

Resistor 

R 12.  R13.  RI5.  R50.  RSI 

0 

RC07 

56K 

Resistor 

RIO 

I 

RC07 

OIK 

Resistor 

R17 

1 

RC'07 

(>8k 

Resistor 

RIM,  R2<>.  H5(> 

R('07 

50K 

Resistor 

R!‘).  RS7 

A 

RC07 

270K 

Resistor 

R20,  R58 

A 

RC'07 

100K 

Resistor 

R 22.  R3o.  R60.  R74 

4 

RC07 

10M 

Resistor 

R23,  Rol 

A 

RC'07 

470 

Resistor 

R24,  R62 

A 

RC'07 

5  1  K 

Resistor 

R27.R32.R33.R34 

4 

RC07 

39K 

Resistor 

R2*.  R66,  Rol) 

3 

RC07 

](>0K 

Resistor 

R21).  R67 

A 

RC'07 

16K 

Resistor  ' 

R30 

1 

RC'07 

6.8  K 

Resistor 

R3I,  R70.  R7 1 .  R72 

4 

RC07 

82K 

Resistor 

R35 

1 

RC07 

I.5K 

Resistor 

R38.  R44 

A 

RC07 

5. IK 

Resistor 

R43 

1 

RC'07 

2.4K 

Resist  ot 

R45 

1 

RC'07 

5.1  M 

Resistor 

R54 

1 

RC'07 

1 5  OK 

Resistor 

R55 

1 

RC07 

75  K 

Resistor 

R(>4 

1 

RC07 

I8K 

Resistor 

R65 

1 

RC07 

47K 

Resistor 

R73 

1 

RC07 

6.2K 

Resistor 

11.  U2,  (Jo.  U7.  US.  UI2 

6 

SN74747 

Texas  Instruments 

Integrated  circuit 

U3.  IW 

A 

LM208J 

National 

Integrated  circuit 

1 14.  U10 

A 

IX;20ICJ 

Signetics 

Integrated  circuit 

15.  (H  1 

A 

LMI 101) 

National 

Integrated  circuit 

UI3.UI4 

A 

C  1)401 1 

RCA 

Integrated  circuit 

Ul  5 

1 

LM309DB 

National 

Voltage  regulator 

1 

8136-UG1I 

15 

Augat 

Wire  wrap  board 

Table  4. 

Compensation  card  parts  list. 
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COMPONENT  SIDE 


Item 

Quantity 

Pan  Number.  Value 

Manufacturer 

Nomenclat 

(  4,  C  1  3 

Red  cap 

4.4  Ail 

1:  RIF 

Capacitor 

C? 

1 

CKO  0 

o.::  pi- 

Capacitor 

cs 

1 

CK05 

0.0N2  pi 

Capacitor 

cv 

1 

Ck  00 

0.33  pf 

Capacitor 

R 1 ,  R3(> 

■> 

Rt  07 

5.  IK 

Resistor 

R2,  R4U,  RON 

„> 

R(  07 

2.4K 

Resistor 

R5 

J 

Rt  07 

3  k 

Resistor 

RIO,  R30.  R4N 

3 

Rt  07 

:4k 

Resistor 

R1 1.  K31,  R40.  Ron 

4 

Rt  07 

1 00k 

Resistor 

R 1 2 .  R 1 3 ,  RIS.  R33,  R34 

10 

Rt  07 

51k 

Resistor 

R 14.  R35.  R52 

Rt  07 

o.:k 

Resistor 

RIO,  RIO,  R54,  R57 

4 

Rt  07 

200k 

Resistor 

R2o,  R27 

RC  07 

!Nk 

Resistor 

R43 

i 

RC07 

I()k 

Resistor 

Ro4,  Ro5 

Rt  07 

20k 

Resistor 

Table  5.  5-inch  platform  compensation  card  component  changes. 


2.  Demodulator  Card 

The  demodulator  card  is  shown  in  figure  1  ! .  In  the  card's  initial  fabrication,  dual 
in-line  integrated  circuits  and  discrete  components  were  used.  However.  Honeywell  now 
lias  a  hybrid  package  available,  as  shown  in  figure  1  1 .  The  unit  is  a  quadrature  demodulator. 
It  provides  the  necessary  signal  conditioning  for  the  MHD  rate  sensor  in  the  feedback  loop 
that  will  be  discussed  in  the  electronics  section.  The  demodulator  card  is  inserted  into  the 
second  slot  provided  in  the  card  cage  (X2).  Figure  1  2  is  a  schematic  of  the  demodulator; 
figure  13  is  the  interconnection  diagram;  and  table  6  is  the  parts  list. 

3.  MHD  Driver  Card 

The  MHD  driver  card  is  shown  in  figure  14.  (The  MHD  driver  is  the  source  of  power 
for  the  MHD.)  The  MHD  driver  card  provides  two-phase.  400-hertz.  26-volt  rms  power  to 
drive  the  MHD  rotor.  The  driver  is  an  integrated  circuit  servoamplifier  fabricated  by  Inland 
Motors  Inc.  The  GYRO  switch  on  the  control  panel  provides  +28  Vdc  to  power  this  servo* 
amplifier.  Dual  in-line  integrated  circuits  and  discrete  components  form  the  400-hertz  gen¬ 
erator  that  drives  the  servoamplifier.  The  MHD  driver  card  is  inserted  in  the  third  slot  pro¬ 
vided  in  the  card  cage  (X3).  Figure  15  is  a  schematic  drawing  of  the  MHD  driver,  and  table 
7  is  the  parts  list.  Figure  1  6  is  an  interconnection  diagram  or  the  MHD  driver. 

4.  Servoamplifier  Card 

The  servoamplifier  card  is  shown  in  figure  I  7.  This  card  is  only  used  with  the  5-inch 
antenna  platform.  The  current  drivers  (see  next  section)  are  not  used  for  the  5-inch  magnetic 
particle  clutch /mo tor-driven  antenna  platform.  The  servoamplifier  card  is  used  to  drive  the 
magnetic  particle  clutches,  power  for  which  is  provided  by  a  28-volt  motor.  This  28-volt 
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Figure  14.  MUD  Jnver. 


30K 


-15  (21 


Item 

Quantity 

Part  Numbe 

r ,  Value 

Manufacturer 

Nomenclature 

C1,C2,C 

b 

CKO(> 

0.1  m  I 

Capacitor 

(’4.CK.t'l>.(’10,CI  1 

5 

CKOft 

1.0 

Capacitor 

K 1 

1 

RC07 

30k 

Resistor 

k:.  R} 

■> 

RC()7 

5  IK 

Resistor 

R4 

1 

RC  07 

25 K  (select) 

Resistor 

R5 

1 

RC07 

200 

Resistor 

K(>,  K7 

■% 

RC07 

10K 

Resistor 

RS 

1 

1  2W 

5 

Resistor 

11 

1 

6H55  CT 

Abbott 

Transformer 

11 

1 

xr-::o<> 

R-OHM  Corp 

1C,  function  gen 

12 

1 

74747 

Texas  instrument 

IC.  op  amp 

l.t 

1 

LM1801 

Inland 

1C,  servoamp 

SI 

I 

SO  1801 

Inland 

IC  socket 

Table  7.  MHD  driver  card  parts  list. 
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power  is  controlled  by  the  torque  motor  switch  on  the  control  panel.  The  electronic  design 
tor  this  card  will  not  be  discussed  in  the  electronics  section,  since  the  main  objective  of  this 
document  is  to  discuss  the  10-inch  antenna  platform.  However,  it  is  important  to  note  that 
this  card  cage  is  universal  for  the  two  platforms,  and  that  the  iieccssa:\  component  changes 
for  operation  of  the  5-inch  antenna  platform  are  pointed  out  in  the  former  electrical  design 
sections  (the  compensation  card  only).  The  servoamplifier  card  is  inserted  in  the  fourth  slot 
of  the  card  cage  (\4>.  Figure  18  is  a  schematic  of  the  servoamplifier  card  and  table  8  is  the 
parts  list. 

5.  Current  Drivers 

Figure  D)  shows  the  inner  and  outer  gimbal  current  drivers  for  the  torque  motors  of 
the  10-inch  antenna  platform.  The  TORQUF  switch  on  the  control  panel  places  +28  Vdc 
on  the  current  drivers  to  activate  them.  The  current  drivers  are  mounted  on  a  plate  attached 
to  the  outside  of  the  card  cage.  An  extender  card  and  cable  are  used  to  provide  a  wiring  har¬ 
ness  from  the  fifth  slot  of  the  card  cage  (X5 )  to  the  current  drivers.  Note  that  the  current 
drivers  are  current-limited  to  protect  the  torque  motors  as  well  as  the  current  drivers  them¬ 
selves.  The  current-limiting  resistor  ( R x )  is  determined  by  the  equation 


x  'cl-04 

where  1(  ^  *s  limiting  current.  The  current  drivers  are  integrated-circuit  servoamplifiers 
fabricated  by  Inland.  They  are  mounted  by  means  of  sockets  and  attached  to  heat  sinks  for 
easy  replacement.  Figure  20  is  a  simplified  schematic:  table  0  is  the  parts  list:  and  figure  2  1 
shows  current  driver  interconnections. 

D.  10-inch  ANTENNA  PLATFORM 

Figure  22  shows  the  10-inch  antenna  platform.  The  primary  design  features  of  the 
platform  are  the  adaptability  to  other  antennas,  the  large  volume  and  weight  capability,  and 
tlie  low-cost  design.  The  modular  construction  technique  of  the  platform  allows  adaptation 
to  a  variety  of  antennas  without  complete  redesign.  The  platform  is  a  bail-ring  concept  with 
a  high  torque-to-inertia  design.  The  bail-ring  concept  allows  large  load  volume  on  the  gim¬ 
bals.  A  roller  suspension  system  is  used  to  hold  the  bail  ring.  This  concept  keeps  the  costs 
of  production  down.  Torque  motors  were  used  for  the  inner  and  outer  gimbal  drives  to 
achieve  a  high  torque-to-inertia  ratio  at  a  low  cost.  This  high  torque-to-inertia  concept  also 
reduces  costs  by  eliminating  the  requirement  of  designing  balanced  loads.  Conductive 
plastic  potentiometers  were  used  because  of  their  superior  durability.  The  Honeywell  MHD 
rate  sensor  is  used  for  track-loop  stabilization.  The  MHD  is  a  new-concept,  subminiature, 
high-performance,  two-axis  rate  sensor  specifically  designed  for  large-volume  producibility. 

It  has  been  qualified  to  environmental  requirements  of  MIL-STD-8I0B  for  gyros  installed  in 
fixed-wing  aircraft,  helicopters,  and  missiles.  It  is  ideally  suited  for  tactical  missile  seeker 
head  stabilization.  Figure  23  is  the  platform  wiring  diagram  and  table  10  is  the  parts  list 
(which  includes  only  the  electronics).  A  limited  set  of  drawings  is  provided  below  in  the 
mechanical  drawings  section. 

The  antenna  was  designed  and  fabricated  by  AIL,  Deer  Park,  Long  Island,  New  York. 
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1  tom 


Quantity 


Pari  Number,  Value 


Manufacturer 


Nomenclature 


Rl.  R2,  RIO.  Rl  1,  K17. 
RIK,  R2h.  R27 

8 

49 .9  k 

o.iw.  r; 

Resistor 

R5 ,  R 1 9 

■> 

20.5k 

o.iw.  r; 

Resistor 

R4,  Rl 2,  R15.  r:o,  r:h 

R  29 

b 

12.4k 

o.iw,  r; 

Resistor 

R5 .  R 14.  R21.R30 

4 

RC07 

100 

Resistor 

Rb,  R 1 5 ,  R22.  R5I 

4 

RC'()7 

2k 

Resistor 

R7.  Rib.  R25.  R52 

4 

RLb5N5ROOI  5.  10W 

Resistor 

RS.  R24 

*> 

4.55k 

o.iw.  r; 

Resistor 

R9.  R25 

s 

24.9k 

o.iw.  r  ; 

Resistor 

Cl.C  2,C’4.C'5.C7. 
CS.C10.C1  1 

S 

CK05 

5b0  pi 

Capacitor 

C'5.  Cb.  C’9,  C  1 2 

4 

CK  05 

0.0 1  1 

Capacitor 

C  IT, C  14 

(  SI5 

22  jul:.  55V.  I0r; 

Capacitor 

CRI  through  CRN 

S 

!N5b00 

Diode 

QKQ4.Q5.Q7 

4 

2M  7 1 1 

Transisb  i 

Q2.Q4.Qb.Q8 

4 

2N57 ! b 

Transistor 

1 1 1  through  114 

4 

bl()5-B 

Therm  alloy 

Heat  sink 

l  I  through  1 14 

4 

LAI  108 

Sign  e  tics 

Integrated  circuit 

Tabic  8.  Servoamplifier  parts  list. 
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Figure  I1).  Current  drivers. 


IV  IN  -  1 A  OUT 


F  IK 

I - V1M  -  XV1M 

°  R.k.Rc  N  1 0K  X  0.1  IN 

IN  S 


Figure  20.  Current  driver  servoampiifier  simplified  schematic,  outer  and  inner  gimbal. 


Item 

Quantity 

Part  Number,  Value 

Manufacturer 

Nomenclature 

Rl,  R2 

4 

1  2VV  510 

Resistor 

R3 

1 

2VV  0. 1 H 

Resistor,  OO 

R3 

l 

2VV  1 

Resistor,  10 

MSI 

■> 

IISISO! 

Inland 

Heat  sink 

til 

EM  1 802 

Inland 

1C,  servoamp 

1 

4094 

Augat 

* Vector  board 

SO  1801 

Inland 

IC  socket 

^Vector  hoard  used  as  extender  and  cable  connector. 

NOTE:  Parts  list  applies  only  to  one  current  driver. 

Table  9.  Current  driver  parts  list  (outer  and  inner). 
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StG 

-15  NC  IN 


SIG 

GND  NC 


Rx  1  T2  (INNER  GIMBAL.) 

R  0  18  £2  (OUTER  GIMBAL) 


1U  IN  1  A  OUT 
R 
I 


rinrs 


F  IK 

-  -  X  V1M 

IIVi  1 0K  X  0  1  IN 


I -ij!uro  2  \ .  ('urreni  driver  servoamplitler  interconnections 


s 


OUTER  INNER  OUTER  INNER  ANTENNA 

RATE  SENSOR  TORQUER  TORQUER  GIMBAL POT  GlMBALPOT  B1AS 

MHD  T1  T2  R 1  R2 


r 


f  igure 


Item 


Quantity 


Part  Number 


Manufacturer 


Nomenclature 


(,-PI 

1  PT02SI -20-3l>SY 

Bcndix 

Connector 

Mill) 

1  <;(.2500U  (M 

Honey  well 

Rate  sensor  (MUD) 

il 

1  DPH3320-A-1 7 

( Tit  ton 

Torque  motor 

12 

l  DPIIPWU-B-ZT 

('lit  ton 

Torque  motor 

R 1 

1  357 1S-1-502 

Bourns 

Potentiometer  (5K ) 

R2 

1  78SF1C502 

New  England 
Instiuments 

Potentiometer  (5K ) 

1  H  001-0!  -040 

AIL 

Antenna/processor 

I  able  10.  10-inch  antenna  platform  parts  list  (electronics  only). 


E.  5-inch  ANTENNA  PLATFORM 

Figure  24  shows  the  Hughes  antenna  platform,  which  is  included  here  for 
documentation  purposes  only.  The  platform  is  a  bail  ring  concept  with  magnetic  particle 
clutch  servos  to  drive  each  gimbal.  Permanent  magnet  dc  motors  provide  the  mechanical 
power  input  to  the  clutches.  The  platform  has  inner  and  outer  gimbals  for  positioning,  and 
an  Mill)  rate  sensor  for  track  loop  feedback  stabilization.  Figure  25  is  the  platform  wiring 
diagram. 


Ill  ELECTRONIC  DESIGN 

The  electronic  design  section  illustrates  the  derivation  of  the  compensation  and 
feedback  networks.  (The  compensation  transfer  functions  are  derived  in  reference  1.  )  This 
section  also  shows  how'  to  match  the  electronics  to  the  above  transfer  functions.  The  torque 
motors,  gear  ratios,  and  inertial  load  factor  are  not  covered  in  this  section  because  these  are 
considered  fixed  in  determining  the  compensation  transfer  functions  (see  reference  I). 

A.  SLAVE  LOOP 

A  slave  loop  is  implemented  about  each  gimbal  by  utilizing  feedback  from  a  gimbal- 
driven  potentiometer.  The  slave  servosystem  has  the  function  of  pointing  the  antenna 
toward  the  target  prior  to  activation  of  the  target-tracking  system.  The  slave  loop  commands 
are  originated  by  an  outside  source  in  gimbal  coordinates.  Figure  26  illustrates  the  slave  loop 
block  diagram.  The  motor/amplifier/load  is  derived  in  reference  1  and  is  considered  as  given. 
The  compensation  required  to  close  the  slave  loop  is  discussed  in  this  section.  Figure  27  is  a 
simplified  schematic  of  the  slave  loop  compensation  and  table  1  1  presents  component  values. 
A  Foresight  adjustment  is  located  in  the  compensation  card  to  permit  zeroing  the  antenna 
platform  at  boresight. 
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Figure  25  5-inch  antenna  platform  wiring  diagram. 
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1 .  Slave  Command 

Slave  command  gain  ( k  !;)  was  determined  by  assuming  a  signal  input  of  range  ±5 
volts  for  ±45 -degree  movement  of  the  inner  and  outer  gimbals.  Tims  the  inner  and  outer 
slow-position  gain  (k^p)  is  calculated  as  follows: 

10  , 

kep  -  — r  “  (>.37  volts  radian. 

** 1  7T  2 


Referring  to  figure  27.  we  can  see  that  the  slave  command  gain  ik 


1 

3 


)  is  calculated  as  follows 


k 


3 


R28 

R27 


4.10  volts  volt  ( outer  gimbah 


K 


3 


R66 

R65 


3.40  volts  volt  (inner  gimbalk 


The  inner  and  outer  gimhal  gains  differ  because  the  gains  in  the  respective  slave  loops  differ. 
Total  slave  command  gain  is  the  product  of  the  two  gains  (ie.  k^pk^i. 
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2.  Feedback 

The  outer  gimbal  feedback  potentiometer  is  of  the  three-turn  type.  A  30-volt 
potential  is  placed  across  the  potentiometer;  thus  the  potentiometer  gain  (Kp)  can  be  cal¬ 
culated  as  follows: 

-  IV 

Kp  -  —  =  1 .5^)  volts  radian  (outer  gimbal). 

The  ratio  (N*  )  of  the  outer  gimbal  movement  with  respect  to  the  potentiometer  is  8.5: 1 . 

The  inner  gimbal  feedback  potentiometer  is  of  the  single-turn  type.  A  30-volt 
potential  is  also  placed  across  this  potentiometer;  thus  the  potentiometer  gain  (Kp)  can  be 
calculated  as  follows: 


K 


P 


30 

=  4.78  volts  radian  (inner  gimbal). 


The  ratio  (N  ^  )  of  the  inner  gimbal  movement  with  respect  to  the  potentiometer  is  3.0: 1 . 
Referring  to  figure  27.  we  can  see  that  the  feedback  gain  K^:  can  be  calculated  as 

follows: 


K 


F 


R  "'*8 

=  5 .33  volts  volt  (outer  gimbal ) 

K  _  h 


K 


t 


R66 

jTpr  =  8.80  volts  volt  ( inner  gimbal). 


Total  feedback  gam  is  the  product  of  the  three  gains  (ie,  KpN  ^Kp).  f  or  feedback  gain  in 
relerence  1  iKj  >.  the  follow ing  relationships  apply : 


J 

3 


1 .30  volts  volt  (outer  gimbal) 


K 


I 


2.(il  volts  volt  (inner  gimbal). 


Note:  l  he  potentiometers  used  were  of  the  high-precision,  conductive  plastic  type  because 
high  feedback  gam  amplifies  the  crossover  of  the  vvirewound  type. 
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3.  Compensation 

A  lead-lag  compensation  network  was  necessary  to  provide  the  required  stability. 
The  transfer  function  for  the  slave  loop  compensation,  per  reference  1,  is  as  follows: 

k  ^  (r^S+lMrls+l) 

(r,S+  I  H r  Is  +  I  Mr.  S+  I ) 

The  calculations  of  the  compensation  gain  (k*;i  and  the  time  constants  (r>.  t\.  t^.  r  {.  and 
r(l)  for  both  the  inner  and  outer  gimbals  are  shown  in  table  12.  Note  that  tor  the  compen¬ 
sation  gain  in  reference  1  (k;h  the  following  relationships  apply: 

k^  =  kJk*;  .vhl) \olts \oll  (outer  gimhal  i 
k^  =  k  Ik;  -  3.4l> \olts  \olt  t  inner  gimbah 


k  ;  (r 1  )(r^S+  1  ) 


(r,S  +  I  Mr  Is  +  1  Mr,  S+  I  I 

J  (> 


B  TRACK  LOOP 

There  are  two  loops  involved  in  the  tracking  loop:  the  tracking  loop  itself  and  the 
stabilization  loop.  The  tracking  loop  is  closed  by  means  of  the  reception  of  an  emitting 
radar  signal  (via  the  antenna),  which  is  processed  to  develop  a  line-of-sight  rate  (o)  that  is 
zeroed  to  allow  automatic  target  tracking.  The  stabilization  loop  is  provided  as  an  inner 
loop  in  the  tracking  servosystem  and  is  closed  by  means  of  the  two-axis  MUD  rate  sensor. 

Tli is  implementation  causes  the  tracking  loop  error  signals  to  he  a  measure  of  the  inner  and 
outer  gimhal  line-of-sight  rates  in  inertially  referenced  coordinates.  Figure  2X  shows  the 
track  loop  block  diagram. 

1 .  Compensation 

Compensation  consists  of  a  processor  filter,  error,  rate  summer,  and  compensation 
filter.  Figure  2C)  is  a  simplified  schematic  of  the  compensation  filter,  and  table  13  presents 
the  component  values.  The  error/rate  summer  lias  a  balance  adjust  to  obtain  the  proper  bal¬ 
ance  between  track  error  and  rate  feedback  (stabilization).  There  is  also  a  Foresight  adjust 
in  the  compensation  filter  to  zero  the  track  error  output  to  the  antenna  platform.  A  switch 
around  the  integrator  of  the  compensation  filter  is  used  to  discharge  the  integrator  when  in 
slave  mode.  Otherwise,  in  switching  from  slave  to  track,  the  charged  capacitor  would  cause 
an  instant  jump. 
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-  tR55M.o  =  0.0015  second 

rr, 

tR2N»C?  =■  0.020  second 

ltllk‘1 

(timbal. 

k 

in  nr: 

RhO 

l  .025  volts  volt 

T  ^ 

-  (  RoS  +  RoH  (  1  7 

0.0151  second 

1 

r  ' 

,i 

j 

a 

4-  + 

t  j 

r*. 

*/ 

ii 

0.0 1 56  second 

r  > 

=  Ron  Cl 7 

0.00107  second 

1 

r  , 

=  RHUs 

0.00205  second 

T. 

RooClo 

0.024  second. 

table  12.  Slave  compensation 
III ler  calculations. 
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Ou'.cr/lnner 


Components 

Outer  Gimbal 

Inner  Gimbal 

R1/R39 

3.3K 

3.3K 

R2/R40 

24K 

24K 

R3/R41 

3K 

3K 

R4/R42 

3K 

10K 

R5/R43 

UK 

2.4K 

R6/R44 

2K 

5. IK 

R7/R45 

2.2M 

5.IM 

RX/R46 

10K 

10K 

R9/R47 

50K  pot 

5 OK  pot 

R10/R48 

12K 

12K 

R1 1/R49 

1 10K 

1  10K 

R12/R50 

56K 

56K 

RI3/R51 

56K 

56K 

R14./R52 

3K 

3K 

RI5/R53 

56K 

56K 

R16/R54 

91 K 

1 5  OK 

R17/R55 

68  K 

75K 

R18/R56 

30K 

30K 

RI9/R57 

270K 

270K 

R20/R58 

100K 

100K 

R21/R59 

50K  pot 

50K  pot 

R21/R59 

50K  pot 

5 OK  pot 

R22/R60 

I0M 

IOM 

R23/R61 

470 

470 

R24/R62 

5  I K 

5  IK 

R25/R63 

I0K 

10K 

Cl/CIO 

1.0 /jF 

1 .0  juF 

C2/C1 1 

0.0X2  (jF 

0.082  vF 

C3/CJ3 

3.3  mF 

3.3  /iF 

C5/C14 

1.0  pF 

1  0  jxF 

C6/C15 

100pF 

100pF 

Table  13.  Track  loop  compensation  component  values. 
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a.  PROCESSOR  FILTER.  The  processor  filter  is  used  to  smooth  the  signal  output 
of  the  video  processor.  I  he  transfer  function  to  he  obtained,  per  reference  I.  is  as  follows 

T7S+  1 

The  processor  gain  (  K4)  in  both  outer  and  inner  gimbal  drive  is  7.0,  as  predetermined  by 
design  of  the  processor  network  (if  processor).  This  means  that  the  processor  filter  gam  ( K ^  ) 
must  be  designed  for  7.3  calculated  as  follows: 

„  _  r: 

K.5  “  p~j-  =  7.3  volts/volt  (outer  gimbal) 

K4  =  j-— j  =  7.3  volts/volt  (inner  gimbal). 

The  processor  filter  time  constant  (r^)  is  calculated  as  follows: 
t-j  =  R3xC'l  =  0.024  second  (outer  gimbal) 

=  R40xC10  =  0.024  second  (inner  gimbal) 

b.  FRROR/RATF  SUMMFR.  The  error/rate  summer  sums  the  track  error  and 
rate  (stabilization )  signals  and  balances  them.  To  accomplish  this,  it  was  necessary  to  cal¬ 
culate  the  following  gains. 

Outer  Gimbal. 

1  RX 

Kt  =  jg  =  9.09  volts/volt 
1  R8 

=  R4  =  333  volts/volt. 

Inner  Gimbal. 

K*  =  =  4.1  7  volts/volt 

k\  =  =  1 .00  volt/volt. 

K*  is  the  rate  gain  (demodulator  gain)  and  is  the  error  gain  (processor  gain) 
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c.  COMPENSATION  FILTER.  A  lead-lag  compensation  network  was  necessary 
to  provide  the  required  stability.  The  transfer  function  for  the  track-loop  compensation 
Filter,  per  reference  1 ,  is  as  follows. 

K3(r-,S+l)(rJs+l)(r5S+l) 

S(r3S+l)(rJs+l)(r6S+l) 

The  calculations  of  the  compensation  filter  gain  (K3)  and  the  time  constants  (r-,,  Tj, 
t\,  r$,  and  r^)  for  both  the  inner  and  outer  gimbals  are  shown  in  table  14.  The  last  stage  of 
the  compensation  Filter  is  an  integration  and  translates  to  gain  included  in  [integrator 
gain  =  1/R20C5  (outer  gimbal)  and  1/R58C14  (inner  gimbal)] . 

2.  Magnetohydrodynamic  Rate  Sensor  (MHD) 

A  Minneapolis-Honeywell  MHD  two-axis  rate  sensor  (GG2500)  is  used  as  the  stable 
platform  inertial  reference.  This  single  instrument  closes  both  inner  and  outer  gimbal  stabili¬ 
zation  loops.  Figure  30  shows  the  MHD.  This  small,  compact  inertial  rate  measuring  device 
makes  it  practical  to  fabricate  small  radar  seekers. 

The  MHD  rate  sensor  is  an  angular  accelerometer  with  a  liquid  metal  proof  mass. 
Motion  of  the  proof  mass  relative  to  the  case  is  4‘magnetohydrodynamically,,  sensed  to  mea¬ 
sure  angular  acceleration.  The  accelerometer  case  is  rotated  about  an  axis  normal  to  the 
sense  axis  by  a  small  hysteresis-type  ac  motor;  this  results  in  an  ac  output  of  the  accelerom¬ 
eter  where  magnitude  is  proportional  to  the  polar  angular  rate,  and  whose  phase  is  a  measure 
of  the  direction  of  the  polar  vector  in  the  rotation  plane,  A  reference  generator  is  provided 
on  the  rotation  axis  whose  output  is  a  two-phase  ac  voltage  synchronous  with  the  accelerom¬ 
eter  ac  output.  The  two-phase  reference  generator  outputs  are  used  as  switching  reference 
voltages  for  two-phase  detectors  which  convert  the  ac  polar  rate  measurement  into  do  volt¬ 
ages  which  are  proportional  to  the  inner  and  outer  gimbal  components  of  the  polar  rate. 

The  accelerometer  output  is  a  sinewave-modulated  ac  carrier  frequency  of  200  Hertz  where 
the  modulation  contains  the  polar  rate  information.  The  gain  of  the  MHD  )  is 

0.8595  volt  rms/rad van  second. 


3,  Demodulator 

Dual  in-line  integrated  circuits  and  discrete  components  were  used  for  the 
demodulator  when  it  was  first  fabricated.  Subsequently,  Honeywell  developed  a  hybrid 
package  (1030AD06)  which  is  now  incorporated  into  the  electronics.  The  demodulator  has 
quadrature-switched  phase  detectors  which  extract  quadrature  components  ot  the  modula¬ 
tion  to  derive  dc  signals  proportional  to  the  inner  and  outer  gimbal  rates.  The  MHD  reference 
generator  provides  the  switching  voltages  for  the  two-phase  detectors.  The  d>  conversion 
requires  a  low-pass  filter  following  the  phase  detectors  to  attenuate  the  carrier  frequency 
ripple.  This  filter  determines  the  maximum  bandwidth  achievable  in  any  stabilization  loop 
using  this  rate  sensor.  In  this  application,  the  filters  limit  the  bandwidth  to  20  Hertz.  The 
transfer  function  and  associated  gains,  time  constants,  and  damping  factors  are  shown  in 
table  1  5.  For  purposes  of  displaying  the  derivation  of  these  values,  the  demodulator  is 
divided  into  three  phases:  200-Hertz  bandpass  filter,  phase  detectors/filter,  and  third-order 
filter. 
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Outer  (Jinibal. 


r3 

(RI2  ♦  R 1 3 >  Rl‘> 

^  1  RI6R20(  5 

-  30  2  volts/voll 

T  2 

'  ,R|  I  *  RI0,(  2 

=  0.0 1 00  second 

1 

T  2 

R  +Kn 

-  4  +  RI4C3 

=  0.0102  second 

M 

=  RI0(2 

=  0.000984  second 

1 

7  3 

=  RI4<3 

=  0 . 000- 990  second 

t5 

RI8(4 

=  0.0990  second 

Tu 

=  ( R 1 8  +  R  |  y )  (  4 

=  0  99Q  second 

Inner  Gimbal 


K3 

(R50  +  R51)  R57 
R44R54R5X(  14 

= 

18.3  volts/volt 

T  i 

=  IR4M  +  R4H ) (  1  1 

= 

0.0 1 00  second 

] 

T  : 

=  R50+R51  +  RSX  12 

4 

= 

0.0102  second 

T  ; 

=  R48CII 

0.000984  second 

1 

T  , 

=  R52C12 

= 

0.000990  second 

r5 

=  RSrt'13 

= 

0.0990  second 

ro 

-  ( R5b  ♦  R57ICI3 

= 

0.990  second 

rb 

-  (R5(>  +  R57)CI3 

* 

0.990  second 

Table  14.  Track  compensation 

filter  calculations. 


72 


KMNDKmKL):KD3S 


(r4(S 


♦  J  I  (  T 


4  A 


S'  + 


•\\'4AS’ll,r 


41) 


S  t 


1  1  (74B"S*  +  "*BT4bS  + 


I) 


where 


kMNl>  =  (,  n5<>5  Vtms  ,ad-  i(MHI)(sain» 

K|)|  =  1)1  x  1  O'-' vnm'Vt|m(2lK)  H/ bandpass  filter  gam) 

Kl>:  "  4  Vavg'V,.m,rcU,"cl  Pa,n) 

K|j,  -  1  00  VdL;V'av?  (third-order  filter  gain) 

:  ()  0030N  second  tlhird-uulcr  tiltci  tune  constant) 
r4H  r  0.00105  second  ( third-ouier  filter  time  constant ) 

r4D  “  0  000214  second  (lull-wave  rectifier  time  constant) 

:4  \  ~  O.O(K)^M)  second  (  200*11/  bandpass  Viltei  lime  constant) 

<S|j  0  1)^3  tthird-ordci  filtei  damping  factor) 

^  I  00  ( 300-H/  bandpass  filtei  damping  factor ) 

I  able  15  Demodulator  transfer  function  and  values. 


a.  200-HERTZ  BANDPASS  FILTER.  The  200-Hz.  bandpass  filter  is  used  to  pass 
the  200-Hz  signal  received  from  the  MHD  and  attenuate  all  other  frequencies.  Figure  31  is 
a'sunplified  schematic  taken  from  reference  3,  which  indicates  how  to  derive  its  transfer 
function.  The  component  values  are  shown  in  table  )6;  the  transfer  function  and  calculations 
of  the  gain  ( K (j | ).  the  time  constant  ( ).  and  the  damping  factor  ( 6^ )  m  table  1  7. 

b.  PHASE  DFTEC  TORS/FILTLR  The  phase  detectors  produce  the  quadrupling 
action  necessary  to  decipher  the  incoming  200-Hz  signal.  A  400-Hz  reference  is  generated  by 
the  MHD  and  is  transformed  to  a  400-Hz  square  wave.  Tins  square  wave  is  used  to  switch  the 
phase  detectors  that  separate  the  inner  gimbal  motion  from  the  outer  gimbal  motion  t ha t  re¬ 
sults  from  the  incoming  200-Hz  signal.  The  two-phase  detectors  are  tied  in  tandem.  The 
filter  following  the  phase  detectors  attenuates  the  switching  ripple.  A  simplified  schematic 

of  the  phase  detectors/filter  is  shown  in  figure  32.  The  component  values  are  shown  in  table 
IN.  The  transfer  function  and  calculations  of  the  gam  (K^l  and  the  time  constant  (rq^T  are 
shown  in  table  I (F 


•> 

"Stout.  I)  S  .  .tml  M  Kaufman  Handbook  of  Operational  Amplifier  Circuit  Design.  Mcfiraw- 
llill.  Ine.  I  'fh.  p  10-8 
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R> 

WOK 

Rb 

51. IK 

R7 

.MbK 

RS 

21  5K 

RO 

4b. 4k 

C7 

0.01  iif 

C8 

4700  ph* 

(» 

100  pH 

Table  16.  200-Hz  bandpass  filter  component  values. 
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( >u I e r  Inner 
(  iiiiipnncni 


( )utcr  (iimbal 


Inner  (ji/nbaJ 


RIO  R25 

b  54K 

b.54k 

RI  1  R24 

b.  54k 

b.54k 

R 1  2  R25 

b5K  ( select ) 
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Table  IK  Phase  detectors  filter  component  values. 
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I  able  10.  Phase  detectors/filter  calculations. 
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c  THIRD-ORDER  FILTER.  The  third-order  filter  is  a  low-pass  filter  that  follows 
the  phase  detector/filter  used  to  attenuate  the  carrier  frequency  ripple.  This  filter  determines 
the  maximum  ban  Jwidth  Figure  33  is  a  simplified  schematic  of  the  third-order  filter.  The 
component  values  are  shown  in  table  20  and  the  transfer  function  and  calculations  (r^  and 
)  and  damping  factor  (63)  in  table  2  1  The  equation  for  the  transfer  function  was  obtained 
from  reference  3 

4  APPROXIMATED  MHD /DEMODULATOR  TRANSFER  FUNCTION 

For  e?  of  implementing  on  the  computer,  reference  1  used  the  following  transfer 
function  to  approximate  the  MHD  demodulator  circuits: 

kmhdk: 

(r4S*  1  >3 

The  same  transfer  function  and  the  following  data  apply  for  both  inner  and  outer 
gimbal  electronics.  The  MHD  gain  (K^hd^  is  0.8595  volt  rms/radian/second.  The  demodu¬ 
lator  gam  ( K )  is  3  33  volts  dc  volts  mis.  is  equivalent  to  Kj)]  of  the  calculated 

transfer  function.  A  time  constant  of  0.001  5  second  (r^)  was  calculated  as  an  approximation 
of  the  MHD  demodulator  circuits 


IV  MECHANICAL  DRAWINGS 

It  is  recognized  that  the  drawings  in  this  section  are  not  comprehensive,  however,  it 
is  believed  that  they  are  complete  enough  to  aid  in  analysis  of  the  servo  platform  system 

Figure  34  is  an  outline  drawing  of  the  control  panel  The  control  panel  is  made  of 
sheetmetal 

The  last  figures  in  this  document  are  the  mechanical  drawings  of  the  platform  and 
the  associated  mountings  to  the  platform.  Figure  35  shows  the  mounting  of  the  bail  ring  to 
the  base.  Figure  36  shows  the  base  mount  dimensions.  Figure  37  show's  the  bail  ring  and 
bearings  Figure  38  shows  the  roller  and  spacer  used  to  hold  the  bail  ring.  Figure  39  shows 
the  inner  motor  mount .  Figure  40  shows  the  inner  potentiometer  mount.  Figure  41  shows 
the  outer  potentiometer  mount. 


^Millman.  Jacob,  and  (  (  Halkias.  Integrated  Electronics  Analog  and  Digital  Circuits  and 
Systems  McGraw-Hill.  In^.  1972,  p  552 
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Figure  33  llmd-‘>uier  tiller  schematic. 


(hi  lei  Innci 


<*mpt»nenis 

Ouiei  (iiinhjl 

Innei  C# mih a l 

R  20  R3^ 

HK)K 

100k 

R  2  1  R>4 

l(H)K 

100K 

R22  K3> 

I00K 

100k 

(  1  2  (  In 

oo::  pi 

o.o::  pf 

(  13  (  l*> 

0.047  n\ 

0  047  /jF 

(  14  (  20 

.'.'00  I'l 

3300  pF 

OUTPUT 


Table  20  Thirii-order  filter  component  values 
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Fable  21.  Third-order  filter  calculations. 
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Figure  35.  Platform  drawing  slteei  I:  hail  ring  mounting. 
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inner  potentiometer  mount 


Figure  41.  Platform  drawing  sheet  7:  outer  potentiometer  mount. 
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